Single molecule TIRF microscopy was performed on an Olympus (Center Valley, PA) IX-71 inverted microscope. A single-mode diode laser (643 nm, Power Technology, Inc., Alexander, AR) was focused onto the back focal plane of a 60x, 1.45 NA Olympus PlanAPO TIRFM objective with laser power at the plane of the coverslip of 600 μW (for experiments with dry spin-coated samples) or 260 μW (for on-slide, in solution HL647Aβ42 experiment). Through-the-objective TIRF was performed by translation of a mirror just upstream of the objective lens. A multi-band pass SEMRock (Rochester, NY) dichroic mirror was used to separate excitation from emission signal; a 620/60 excitation band pass filter (Chroma Technology Corporation, Bellows Falls, VT) and 700/75 emission filter (Chroma Technology Corporation) were included in the setup. Images were acquired on a back-illuminated Ixon EMCCD camera, model DV887ACS-BV (Andor, Belfast, UK) and analyzed in custom-written LabView (National Instruments, Austin, TX) photobleach trajectory software, and oligomer size distributions were corrected for dipole effects as described 1 .
PlanAPO 60x, 1.42 NA oil immersion objective. The 488 nm line of an Argon laser was used to obtain FITC channel and DIC (Differential Interference Contrast) images, with illumination power of 140 μW, and a 633 nm HeNe red laser was used for HL647 excitation at a power of 28 μW. All single molecule experiments were performed with a BA660IF emission filter and Cy5 channel PMT settings of 850 volts, 6.0 gain, and 6% offset. Scans were taken at medium speed (10.67 seconds per scan). Images of a 43 μm by 43 μm field of view were taken at 1024 by 1024 pixel resolution, for an image plane pixel size of 42 nm by 42 nm. Axial resolution (full width at half-maximum in the zdirection) was set to 1 μm by adjusting the confocal aperture diameter to 590 μm. Imaging was performed at room temperature within 1 hour of removing cells from incubator.
FRET Experiments
The images were taken at the Single Molecule Analysis in Real-Time (SMART) Center using the ALBA microscope system from ISS (Champaign, IL). The microscope was Olympus IX-81, equipped with a 1.2NA 60X water-immersion objective (Olympus) and imaged by PMT. The excitation source was Fianium SC 400-6-PP with an AOTF. Laser excitation was selected at 532nm and 635nm with power 41.5µW and 34.6µW at the objective respectively. The emission filter for ntHL555AB40 and ntHL647AB42 were 582/75 and 697/75 nm band pass filter (Semrock) respectively. The dichroic mirror was 405/470/532/632 quadband dichroic mirror (Alluxa, Santa Rosa, CA).
Assessment of colocalization with synapses
To determine whether HL647Aβ oligomers localized to post-synaptic densities, HL647Aβ-exposed neurons were fixed and stained with an antibody for the post-synaptic density marker protein, PSD95. Cultures were treated with 10 nM HL647Aβ in HBS for 10 minutes, washed once in D-PBS, then fixed for 20 minutes in room temperature 2% paraformaldehyde / 2% sucrose. The cells were then washed three times in D-PBS, and cell membranes were permeabilized by 10 minutes exposure to 0.3% Tween 20 in D-PBS. Fixed, permeabilized cells were washed once in 0.3% Tween 20, stained for 1 hour with anti-PSD95 monoclonal mouse antibody 7E3-1B8 (Calbiochem, Billerica, MA; 1:400 dilution) or anti-Aβ monoclonal mouse antibody, clone W0-2 (Millipore, Billerica, MA; 1:2000 dilution), then stained for 1 hour with AlexaFluor488-labeled monoclonal anti-mouse antibody (Molecular Probes, Grand Island, NY; 1:2000 dilution). Cells were then mounted in 1:9 D-PBS-glycerol and sealed with a coverslip. Imaging was performed as described for single molecule confocal microscopy experiments, with illumination by 488 nm Argon laser, emission filtered with a BA 505-525 emission filter, and FITC channel PMT settings of 900V, 1.0x gain, and 5% offset.
Assessment of oligomer density on axons vs. dendrites
To assess HL647Aβ oligomer binding density on axons versus dendrites, HL647Aβ-treated neurons were fixed and stained with antibodies for the dendritic marker MAP2 and axonal neurofilament. Cultures were treated with 5 nM HL647Aβ40 or HL647Aβ42 for 10 minutes, then washed three times in D-PBS. Fixation and permeabilization were performed as described above for PSD-95 colocalization experiments. Cells were then stained for 1 hour with anti-MAP2 mouse monoclonal antibody, clone HM-2 (Sigma-Aldrich, St. Louis, MO; 1:2000 dilution), then for 1 hour with AlexaFluor488-labeled monoclonal anti-mouse antibody (1:2000 dilution). Panaxonal neurofilament marker (clone SMI-312) mouse monoclonal antibody was labeled with the Zenon® 405 Mouse IgG Labeling Kit as per kit instructions (Molecular Probes). Cells were then stained with Zenon® 405-labeled anti-neurofilament antibody for 30-45 minutes in the dark, fixed for an additional 5 minutes in room temperature 2% paraformaldehyde / 2% sucrose, and mounted in 1:9 D-PBS-glycerol and sealed with a coverslip.
Imaging was performed as described for PSD95 experiments, with additional illumination by a 405 nm diode laser. FITC channel PMT settings were 650V, 3.0x gain, and 5% offset, and CFP channel PMT settings were 650V (HL647AB40 experiment) or 700V (HL647AB42 experiment), 6x gain, and 5% offset. Included are kymographs for a particle which is immobile (top row), a particle which disappears (middle row), and a particle which exhibits motion (bottom row). Boxes are 40 x 40 pixels, or roughly 1.6 μm x 1.6 μm. (B) Fluorescence intensity based oligomer size measurements are shown for the images in (A). The fluorescence intensity of the "disappearing" oligomer drops from a trimer equivalent to less than a monomer equivalent over the kymograph length. Both the immobile and mobile particles show increases in intensity which are likely indicative of addition of monomers or dimers from solution or from a rapidly circulating on-membrane population. (C) Oligomers like those shown in (A) were classified by their motion or lack of motion in kymographs. A total of 137 particles were analyzed in 4 sequences of neurites treated with 1 nM HL647Aβ40. A total of 118 particles were analyzed in 4 sequences of neurites treated with 1 nM HL647Aβ42. A total of 98 particles were analyzed in 2 sequences of neurites treated with 1 nM 1:1 HL647Aβ40:40. Around 60% of oligomers in each sample remained relatively immobile over the course of 2 minutes. 
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